In recent years the number of teenagers and young adults acquiring a driver's license has declined in many developed countries worldwide, with long-term implications for transportation planning. However, the reasons for this decline are only partially understood. Some research has focused on surveys of young drivers without licenses, but few studies have looked at the characteristics and attitudes of youth of driving age as a whole. Other studies have focused on young adults but not teenagers. This study addressed these gaps by examining the results of a survey of students at three high schools in Northern California. These results indicated that demographic factors such as race-ethnicity and parental education level, which was used as a proxy for socioeconomic status, were correlated with licensing and the age at which a license was obtained. Smartphone use, frequency of participation in after-school activities, and bicycle ownership also corresponded positively with increased licensing rates, while actual bicycle use, enjoyment of riding the bus, and ability to rely on parents for transportation corresponded with decreased licensing rates. Use of electronic communications in general was not found to correspond highly with licensing rates, and environmental concern had no significant relationship. These results suggest the need for further research to separate economic factors from other possible factors influencing licensing rates of high school students.
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In recent years a decline in the rate of younger drivers' acquisition of a driver's license has been observed with potential long-term implications for transportation planning. Several studies have documented this trend in developed countries around the world especially for drivers 18 to 29 years old (1) (2) (3) (4) (5) . Sivak and Schoettle observed this trend in FHWA licensing data (6) , although the accuracy of this data has been questioned (7) . However, Shults and Williams recently confirmed this trend by analyzing results of an annual survey of high school students. According to their analysis, the proportion of high school seniors with driver's licenses dropped from 85% to 73% from 1996 to 2010, with two-thirds of this decline happening between 2006 and 2010 (8) . Recently Tefft et al. reported that only 44% of 18-to 20-year-olds surveyed in 2010 obtained a driver's license within one year of the minimum age (5) .
Developing a better understanding of the causes of the decline in the rate of licensing is important for anticipating long-term trends in driving. Though the decline in the rate of licensing of young drivers is apparent, its causes are less clear. Williams's study of potential drivers of ages 15 to 18 identified reasons for delaying licensing including lack of car access, busyness with other activities, cost, and lack of need (9) . Tefft et al. found a similar variety of reasons for 18-to 20-year-old survey respondents (5) . A few researchers examined graduated driver licensing policies (under which drivers younger than 18 gain driving privileges in stages) implemented in recent years as another possible cause for delay (5, 9, 10) , but evidence on the importance of these requirements is mixed. On the basis of this previous research, driver's licensing decisions are likely related to income, access to a car and other modes of travel, and activities and attitudes.
Although previous studies have directly asked young adults about their reasons for delaying acquisition of a driver's license, little of this work has directly explored the relationship of their activities and attitudes to licensing decisions. This paper aimed to address this gap. Analysis of data from a survey of students in three Northern California high schools indicated that sociodemographic factors, extracurricular activities, bicycle ownership and use, and attitudes about transportation options were correlated with licensing and the age at which a license was obtained. The results suggest the need for further research to separate economic factors from other possible factors influencing licensing rates of high school students.
Literature review
As shown in previous studies, a high school student's choice of whether and when to obtain a driver's license may be related to many factors.
Demographic factors appear to be strongly related to licensing and also to availability of other transportation options. Tefft et al. (5) and Curry et al. (11) reported increasing licensing rates with increasing income. Similarly, Blumenberg et al. found economic factors such as employment status and income to be the biggest factors impacting youth travel, especially after the recent economic downturn (10). Williams (9) and Tefft et al. (5) both reported lower licensing rates for black and Hispanic respondents. Respondents to these surveys and to a survey by Schoettle and Sivak (4) of young adults who delayed licensing reported that they did not need a license to do what they wanted or that they obtained transportation from others. Davis et al. reported that young adults were increasingly bicycling, walking, and using public transit instead of driving (12) . Other household factors, such as whether a child splits time between multiple households or lives with siblings, may also be expected to influence licensing.
Participation in activities also appears to be associated with the decision to obtain a driver's license. Several surveys of youth who delayed licensing reported being too busy as a factor (4, 5, 9) . However, the opposite relationship, in which participation in activities before or after school increased the demand for transportation and was thus associated with more driving and earlier licensing, might also be expected.
Some researchers have hypothesized that the increasing use of electronic communications has contributed to the decline in licensing (13); however, no clear conclusion has been reached (14, 15) . Respondents to surveys conducted by Williams (9) and Tefft et al. (5) reported online communications as a reason for delay much less frequently than other reasons. Additionally, Le Vine et al. found a positive relationship between online activity and holding a driver's license (16) , and Blumenberg et al. found a positive relationship between web use and personal miles traveled (10) .
Although a substantial body of research has shown that attitudes are an important influence on travel behavior (17) , few studies have so far examined the link between the attitudes of teenagers and their decisions about licensing. Attitudes about the environment do not appear to be strongly related to licensing decisions. Environmental concerns were cited infrequently compared with other reasons for not having a driver's license by respondents to the survey by Schoettle and Sivak (4) and to a survey of unlicensed British people of ages 17 to 29 analyzed by Le Vine et al. (18) . Other factors that might be expected to influence driver licensing include perception of different travel modes, attitude about physical activity, and concerns about being rushed in the morning or having lots of things to carry.
Method
The analysis in this study was based on data from a cross-sectional, exploratory study originally designed to identify key factors affecting whether or not high school students bicycle to school. Several questions regarding driver licensing were part of this survey; these questions included the student's driver's license status and, if the student did have a license, when it was obtained. The survey was administered in the spring of 2013 to students at three schools in Northern California: Davis Senior High School (Davis High) in the city of Davis, Sequoia High School (Sequoia High) in Redwood City, and Tamalpais High School (Tamalpais High) in Mill Valley.
Setting
The three schools and the communities in which they are situated differ from each other in important ways, including the sociodemographic makeup of each community, the topography of the catchment area for each high school, and the prevalence of nonautomobile travel modes.
All three communities are somewhat wealthier than the state as a whole, as shown in U.S. Bureau of Census data presented in Table 1 . Davis is a relatively wealthy university town; Mill Valley (where Tamalpais High is located), situated in Marin County, is wealthy, and the population is white. However, Redwood City, where Sequoia High is located, is more economically and racially diverse and has more students whose first language is not English than do Davis High or Tamalpais High.
Survey Methods
A printed questionnaire was used to collect data during the first week of May 2013. The content was based on a 2009 survey administered at Davis High (21), including questions about students' transportation to school; cross-streets of their home locations; attitudes about transportation and other issues; and basic demographic information including race-ethnicity, gender, age, and parental education level.
While the survey was intended to be easy for all students to complete on their own in less than 10 min, the survey was difficult for some respondents in a few classes for students whose second language was English. In these cases, the teacher helped students by reading the questions aloud to the class.
Survey response
Responses totaled 3,090, and the overall participation rate was 61.8%. By school, the participation rates were 70.8% at Davis High, 53.8% at Sequoia High, and 62.1% at Tamalpais High [percentages are based on enrollment data from the California Department of Edu cation (21)]. Although all teachers were encouraged to administer the survey, in some classes in each school the survey was either never administered or not returned. Sociodemographic characteristics of the students surveyed are presented in Table 2 . Though the boundaries of the area served by each school do not align directly with each city and often extend into adjacent jurisdictions, differences in the characteristics of surveyed students at each school correspond to the differences in each community as shown in Table 1 . In addition, because it was expected that students would be unable to report family income accurately, they were asked to report parental education level, and this information was used as a proxy for family income. a Race-ethnicity share totals exceed 100% because students could check more than one response.
data analysis
Two dependent variables were analyzed. One was binary, reflecting whether a student had no license or either a driver's license or learner's permit. Only students 15½ years old (the minimum age for a learner's permit in California; 16 is the minimum age for a driver's license) or older were considered in this analysis. A second dependent variable categorized students in their senior year as early drivers (those obtaining a license before age 16½, i.e., during their first six months of eligibility), late drivers (those obtaining a license at or after age 16½, therefore after their first six months of eligibility), or nondrivers (those without a license or with only a learner's permit).
Only students in Grade 12 and at least 16½ years old were considered in this analysis. Explanatory variables included demographic factors, activity and behavior factors, and attitudinal factors. On the basis of previous studies, when data were available for a variable, hypotheses were made about relationships between factors that might be related to if or when a driver's license was obtained as depicted in Table 3 .
Demographic factors included gender, race-ethnicity, parental education, and family living arrangement. Activities and behaviors included school arrival time, participation in after-school activities, and electronic communications. Attitudinal factors included attitudes about transportation, physical activity, and availability of parents to provide transportation.
Attitudinal factors were measured on a 5-point Likert scale and then evaluated as dummy variables by grouping "agree" and "strongly agree" responses. Students were also asked to report the intersection closest to their home; these data were entered into ArcGIS, and network distances to school were calculated successfully for 72.3% of the respondents.
Bivariate analysis was used to evaluate relationships between these factors and the dependent variables. Regression models were also created for each hypothesized dependent variable. For the model of all students and whether a license was held or not, a binary logistic regression model was estimated. For the model of all high school seniors and early, late, or no licensing, a multinomial logistic model was estimated.
Limitations
There were several limitations to this survey and analysis. First, this survey was originally designed to measure bicycle commuting to high school. A survey designed to study licensing behavior would have likely included more driving-specific topics such as parental licensing history, attitudes about the licensing process, income, and household car availability. Some students may have misunderstood the difference between a provisional learner's permit, a provisional license, and a regular license. Additionally, some students did not take the survey seriously. Although 14 responses that were clearly not serious were removed, responses to some questions that the respondent did not answer honestly were likely included. Lastly, some bias may have been introduced by students whose second language was English and who may have had problems answering the survey.
reSuLtS
Of all 2,483 valid responses from students of age 15½ or older, 1,476 or 59.4% had a license or learner's permit and 1,007 or 40.6% did not. These results are slightly different than those from Williams's survey of U.S. teenagers of ages 15 to 18 in November 2010, which reported 63% of respondents with licenses or learner's permits and 37% without (9) . Of all 730 valid responses from students in Grade 12 of ages 16½ or older, 216 or 29.6% received their licenses before age 16½, 238 or 32.6% received their licenses at or after age 16½, and 276 or 37.8% had no license or only a learner's permit. This licensing rate is lower than that reported by Shults and Williams who found that 73% of U.S. high school seniors surveyed in 2010 had a license (8) .
Bivariate analysis
Whether a student held a license or not was strongly associated with several demographic factors (Tables 4 and 5 ). Beyond the control factors of high school, age, and grade, race-ethnicity and parental education level were both associated with differing levels of license holding. Students who described themselves as white-Caucasian were significantly more likely to have licenses and obtained them earlier than other students, while students who described themselves as black-African American, Hispanic-Latino, or Pacific Islander were less likely to have licenses and obtained them later than other students. Gender was not associated with differences in license holding for all students, but senior males reported having licenses at a higher rate but obtaining them later than senior females. Students who reported splitting their time between two households were also more likely to have driver's licenses and obtain them earlier than those who reported living in only one household. Students with older or younger siblings also had a lower rate of license holding and obtained their licenses later than students who did not have siblings. No significant association was observed between the distance from home to school and license holding. It was observed that activities and behaviors differed between those with licenses and those without licenses (Tables 6 and 7) . Students who frequently participated in after-school activities, whether at school or elsewhere, or who arrived before or after the normal school start time, were more likely to have licenses and to obtain their licenses earlier than those who did not. Students who owned a smartphone or who used electronic communications to arrange transportation were also more likely to have a license than those who did not. Students who owned bicycles were more likely to have licenses and more likely to obtain their licenses at an earlier age than those who did not own bicycles. However, those students who rode their bicycles less frequently were most likely to have licenses and to obtain licenses at an earlier age than those who rode their bicycles more frequently. Being driven in a personal vehicle while in middle school had no apparent association with licensing behavior.
A slightly greater number of associations was found between attitudes and license holding for the larger student population (Table 8) than for seniors (Table 9) , likely because of the significance of grade level (shown in Table 4 ). Students with licenses or who obtained their licenses earlier than others were more likely to report being rushed in the morning, have lots of belongings to carry to school, and to like being physically active. Additionally, students with licenses and who obtained licenses earlier than others were more likely to report being comfortable getting to places on their own and being allowed by their parents to go places on their own. Students who had licenses or obtained them early were less likely to like riding the bus or reported that they could rely on their parents or guardians to drive them places. Students who had licenses or obtained them early were more likely to consider the traffic encountered going to or returning from school to be a major annoyance, consider it hilly between their homes and school, and consider going to and returning from school with friends to be important. Interestingly, students who had licenses or obtained them early were more likely to say that lots of people bicycled in their community and that their parents bicycled frequently, but less likely to say that their friends bicycled to school. For all students, those who had licenses were more likely to say that driving was the coolest way to get to school and that there was a safe bicycle route to school, but there was no significant difference in this area for seniors. Notably, no significant association was found between licensing and students who liked being driven, liked bicycling, or considered protecting the environment important.
Models
Models were created for license holding incorporating all hypothesized variables for all students of ages 15½ and older (Table 10) and age of licensing for seniors of ages 16½ and older (Table 11) .
McFadden pseudo R 2 for the binomial logit model of license holding by all students of ages 15½ and older was .50. In this model, significant demographic variables were dummy variables for whiteCaucasian and Asian race-ethnicity and a parental education level of bachelor's degree or higher. Control variables of age and grade were similar in the strength of their relationship to license holding. It is notable that although these variables are highly correlated (ρ = .82), they are both significant, suggesting that grade may have an effect above and beyond the effect of age. Of the activity variables, smartphone ownership had the largest effect. Participation in activities after school, bicycle access and use, and school arrival time also had significant effects. Of the attitude variables, liking riding Note: N = 2,483. Answers were scored on five-point scale from strongly disagree (1) to agree strongly (5); percentages of all students are based on the sample of students who answered the corresponding question; sizes ranged from 2,439 to 2,464, with a mean of 2,451.
The item for which most data was missing was "Bicycling is considered the coolest way to get to school"; most others were missing no more than 33 responses. a Based on chi-square statistic; values <.05 in bold. Note: N = 730. Answers scored on five-point scale from strongly disagree (1) to agree strongly (5); shares of all students are based on the sample who answered the corresponding question; sizes ranged from 718 to 727, with a mean of 722. The items for which most data was missing were "Lots of people bicycle in my community" and "My friends bicycle to school"; most others were missing no more than eight responses.
a the bus and ability to rely on parents for driving were negatively related, while having a lot to carry was positively related to license holding.
McFadden pseudo R 2 for the multinomial logit model of age of license acquisition by all high school seniors of ages 16½ and older was .30. Variables significantly related to not holding a license were similar to those in the model of license holding of all students of ages 15½ or older. Additionally, students who liked being physically active were less likely to have a license than others. However, fewer variables were related to the age of licensing for high school seniors. The strongest relationships were with Hispanic-Latino ethnicity, having younger siblings, and age, which were all related to later licensing. Female students, Tamalpais High students, students with smartphones, and students who liked being physically active were more likely to obtain a license early, while those who liked to ride the bus were less likely to do so.
Results of both the models and the bivariate analysis were generally consistent with the hypotheses, though there were some exceptions. Demographically, gender had less of an association with licensing overall; of the high school seniors, female students were more likely to obtain their licenses early, but also less likely overall to have a license. Distance from home to school had no significant association, contrary to expectations. Asian ethnicity was associated with less and later licensing, also contrary to expectations, which were based on the association of Asian ethnicity with a higher income (22) . Having younger siblings had no correlation with having a license, but high school seniors without younger siblings were likely to obtain their licenses early. Of the activities and behaviors surveyed, cell phone or smartphone ownership was associated with greater and earlier licensing. Bicycle ownership was associated with increased and earlier license holding, contrary to frequency of bicycling (liking bicycling had no significant association with license holding). Additionally, having been driven to middle school had no association with licensing. Similarly, several attitudinal factors had relationships with licensing contrary to expectations. Liking physical activity had a positive correlation with licensing. Importance of protecting the environment had no correlation with licensing, nor did considering bicycling cool or liking being driven. (16) . An association was also observed between participation in after-school activities and higher rates of licensing and earlier licensing. This observation appears to contradict the finding that students' busyness is a reason for lower licensing rates and later licensing, as self-reported by respondents to surveys by Williams (9) and Tefft et al. (5) . In the present study, students who participated frequently in after-school activities were more likely to have licenses and to obtain those licenses earlier than students who participated in such activities less frequently. However, this result does not necessarily contradict a conclusion that an increase in student activities may be a contributing factor to a decrease in licensing over time. The differences between similar students over time are not necessarily the same as differences between various students at one time. In addition, the causal link between licensing and participation in after-school activities may work in both directions, that is, licensing may affect participation and participation may affect licensing, both in terms of the rate of licensing and the age at which students first obtain a license.
This analysis indicated that attitudes are also important. The finding of the current study that environmental concerns are apparently not a factor in licensing is consistent with the findings of Schoettle and Sivak (4) and Le Vine et al. (18) . However, the associations observed for this study between enjoyment of bicycling and the perception of bicycling in the community (as well as bicycle use) with decreased licensing, as well as enjoyment of riding the bus with decreased licensing, also support the conclusion that may be drawn from Schoettle and Sivak that students do not need a license to do what they want (4) and the conclusion from Davis et al. that young adults increasingly use transportation modes other than driving (12) . Positive attitudes about other transportation modes or the availability of transportation provided by parents may be correlated with students who do not need to drive to get to their desired locations.
These results indicate that trends in licensing may be more related to broader societal factors than to specific policies. The strong relationships with race-ethnicity, variables suspected to be related to income (including parental education, bicycle ownership, and smartphone ownership), and participation in after-school activities imply that larger trends may underlie current behaviors more than do specific transportation policies. Some factors, such as attitudes about the environment, bicycle ownership, or smartphone ownership, may have no effect or an effect opposite to what has generally been expected. However, this analysis also points to areas for which specific policy interventions may have an impact on driving by younger drivers. The association with bicycle use and attitudes about riding the bus and availability of parental transportation implies that policies influencing these factors may have an effect on licensing rates.
Additional research may help clarify these trends and policy implications. Further work is needed to better separate the effects of income from other factors such as electronic communications, bicycle ownership, smartphone ownership, and after-school activities. Although there was an attempt to investigate these effects in this study through a survey of different schools, direct measurements of income as well as a wider survey with a greater range of transportation networks, city sizes, land use patterns, and built environment characteristics would also help clarify these effects as well as identify other influences on licensing. Additionally, repetition of the survey over time would support analysis and understanding of changes in licensing.
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